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Analogues for various of the vitamins and other compounds have been ex- 
tensively tested with microorganisms and with intact animals. Parallel studies 
with tissue cultures should provide certain advantages over those With either of 
these systems. The tissue culture is more closely related to the higher animals 
while being essentially much simpler to study. The environmental factors are 
far more easily controlled, and effects may be directly observed on the rela- 
tively homogeneous cells. 
In initiating this line of investigation, two analogues for nicotinic acid were 
chosen. Pyridine-3-sulfonic acid was first studied by McIlwain (1), who found 
it to inhibit the growth of microorganisms. Its antagonistic action has  since 
been extensively studied. Aeetyl-3-pyridine was studied first by Woolley (2), 
who observed  that  it caused a  disease in mice characterized by many of the 
signs seen in nicotinic acid-deficient dogs and human beings. He found it to 
be  ineffective against  microorganisms,  while  the  reverse  was  true  of pyri- 
dine-3-sulfonic acid. 
Both of these compounds were tested with original implant cultures of em- 
bryonic chick heart, the results of the study being reported in this paper. Both 
compounds disturbed markedly the normal growth and development of the 
cultures, but the actions were not identical. No reversal of the effect was ob- 
tained by addition of nicotinic acid, though technical difficulties prevented a 
high concentration of the latter compound from being obtained in the culture 
medium. 
EXPERIMENTAL 
The two compounds used  as analogues  for nicotinic  acid amide  were pyridine- 
3-sulfonic acid (P-3) and acetyl-3-pyridine  (AC-3). The first of these  (P-3) was pre- 
pared according to the method of Gastel (3). The compound was twice recrystallized 
and was found to melt at  357°C.  AC-3 was  prepared  according  to the  methods 
described by Strong and McElvain (4). This product was twice recrystallized  in the 
form of the hydrochloride. It was found to melt at 157°C. 
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Carrel flask cultures were set using three uniform pieces of tissue of about 1 c.mm. 
volume which were embedded in a plasma clot consisting of 0.3 ml. of fresh plasma and 
0.3 ml. of embryonic extract. The fluid phase consisted of 1.4 ml. of Tyrode's solution. 
Analogue and nicotinic acid solutions were added  by subtracting an  equal volume 
of Tyrode's solution. 
For cultures set in Carrel flasks, each of the crystalline analogues was dissolved in 
glucosol solution (6) at a concentration of 5 rag. per ml. The solutions were neutralized 
and then sterilized by autoclaving. When  used in roller tube  cultures  the analogues 
were added to Tyrode's solution, neutralized, and sterilized by filtration through a 
Seitz filter. The concentration was raised to 7 rag. per ml. in Tyrode's solution for 
attempted reversal of the analogue effect in roller tube cultures. 
TABLE I 
Effed  of  Acctyl-3-Pyldlne  and  Pyridine-3-Sulfonic  Acid  on  Migration  of  Carrd  Flaslt 
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Assay of the effect of the analogue on the tissue cultures was made by one of two 
different procedures. The first of these, employed with Carrel flask cultures only, was 
to measure the area of migration  under  a  low  power  microscope.  This method  is 
known not to be an accurate measure of growth (7-9), but it is certainly a measure of 
migratory activity and an indication of the cellular proliferation in the growth zone. 
Growth zones of control cultures  were found  to cover  at the end  of 24  hours ap- 
proximately ~  to ~  of the microscope field; at  48 hours,  I/~ to 3/~ of the field; and 
at 96 hours, from I to 2 complete fields. These values are listed in Table I as -}- +  +  +. 
Cultures containing analogues were given a rating relative to controls of the same age. 
The second method employed with roller tube cultures made use d  the uptake of 
tracer P= through  the culture tube, measured  as described by Hull and Kirk (I0). 
Results of these measurements were expressed in terms of per cent inhibition according 
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where A,-  activity in  counts  per  second  per  milligram  in  cultures  containing 
analogue, 
A, =  activity in counts per second  per  milligram  in  control  cultures,  with 
the same time intervals. 
Culturing in Carrel flasks involved the use of three uniform pieces of chick heart 
tissue about ! c.mm.  in size embedded  in a plasma clot made from 0.3 ml. of fresh 
plasma to which was added 0.3 ml. of 50 per cent embryo extract. The fluid phase was 
made with 1.4 ml. of Tymde's solution to which was added nicotinic  acid solutions or 
analogue solutions whose volumes were subtracted from the total volume. Roller tube 
cultures were made according to the methods described by Signorotti, Hull, and Kirk 
(5) in which the fluid medium for controls consisted of 40 per cent horse serum, 10 
per cent embryo extract, and 50 per cent Tyrode's solution, which has been termed the 
"standard medium." 
RESULTS  AND  DISCUSSION 
l~ridine-3-sulfonic acid in Carrel flask culture inhibited migration at a  con- 
cen~ation of 1.67 rag. per ml, as shown in Table I. The effect was visible at 24 
and at 43 hours. In the presence of nicotinic acid, the migration effect was not 
reversed. At 96 hours the analogue also produced a characteristic type of cells 
which appeared flat and dark and which migrated from the implant. When nico- 
tinic acid was present, these cells did not form, but a  thread-like type of cell 
appeared instead. In roller tube cultures the effect of this analogue was essenti- 
ally similar  to  that observed in  Carrel flasks,  except that  the formation of 
thread-like cells was sporadic. Nicotinic acid did not apparently increase the 
numbers formed. The flat, dark ceils were not observed in the roller tube cul- 
tures. 
The effect of acetyl-3-pyridine on cultures in Carrel flasks and in the roller 
tubes was definitely different from that of P-3. This analogue had no effect be- 
low 1 mg. per ml. In Carrel flask cultures at 1.67 rag. per ml., there was a stimu- 
lating effect on the area of migration; at 48 and at 96 hours, no further differ- 
ences were noted. With 2.5 rag. per ml. of analogue, migration was inhibited at 
24 hours. At 48 hours, large ceils tinted yellow were noted to be migrating. At 96 
hours these cells had darkened and become round. Addition of nicotinic acid did 
not appear to reverse the action of the analogue. The clots showed liquefaction 
and disintegration at the higher concentrations of analogue. 
When the concentration of analogue was 2.5 mg. per ml. a definite effect was 
noted in the roller tube cultures. At 24 hours the area of migration was deft- 
nitely greater than that of the controls, and a peculiar globular type of cell was 
formed. At 48 hours the area had not increased over that at 24 hours and was 
considerably less than the area of the controls. The globular type cells were now 
larger and the clot showed much more disintegration than in any other instance 
studied. At 72 hours many giant cells, very similar to those previously described 
by Gey (11), were noted near the implant. The original growth zone showed a 
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Extension of the culture period up to 140 hours showed an enlargement of the 
globular cells of the Gey type, which by now could be seen in the original im- 
plant as well as in the growth zone. 
The effects of the analogue on the uptake of pn tracer are shownin Table II. 
Both AC-3 and P-3 apparently behaved as true analogues. Ac-3, in spite :of its 
failure to inhibit migration as compared with the controls, showed more in- 
hibition of phosphorus uptake than P-3 which showed a  strong inhibition of 
migration. This effect may be due largely to the influence on the clot, which was 
broken down in the presence of higher concentrations. However, the action of 
the analogue in stimulating migration would certainly indicate its direct effect 
on the tissue; because the migration of ceils is not as good in a deficient clot as 
in a good clot. AC-3 would appear to be a better analogue than P-3, as indicated 
by the per cent inhibition data in the pn uptake. Nicotinic acid added to a con- 
centration up to 2.5 rag. per ml. did not reverse the effect of the analogue. 
TABLE II 
Per  Cent Inhibition  of  pn  Uptake  in  Roller  Tube  Cultures by  Acetfl-3-Pyridine  and 
Pyridine-3-Sul fonie  Acid 
AC-3 
2.5 mg./ml. 
P-3 
2.5 mg./ml. 
I  24 
36.6 
24.0 
Time. hcs. 
48  72  96  116  140 
p~ ce'~J 
35.2 
27.5 
30.4 
31.5 
~cr¢~t 
42.1 
40.0 
pu ¢~s 
58.2 
54.0 
p~c~t 
62.2 
56.0 
The mere inhibition of growth is a  rather non-specific function on which to 
base the appraisal of analogue action. This is particularly true when reversal is 
not obtained. The production of abnormal cells,--giant cells with AC-3, and 
thread-like cells with P-3--indicates the probability that the two compounds 
attack at different points. This, however, is not correlated in our study with the 
concentration range, and it is not impossible that a  further study of the con- 
centration might alter theAifferences between the two. Even though the same 
embryo extract and horse serum were used, it is not impossible that interaction 
of some medium components with analogue, or other uncontroUed factor, may 
have had some influence on the results. 
SUMMARY 
The use of acetyl-3-pyridine and pyridine-3-sulfonic acid as analogues for 
nicotinic acid has been tested with  tissue cultures of embryonic chick heart. 
Both roller tube and  Carrel flask cultures were employed. Cell migration, ap- W.  HULL,  J. C. PERRONE,  AND P. L. KIRK  79 
pearance of the cells, and the uptake of tracer p32 were used as criteria for the 
action of the analogues. 
Migration of the cells could be inhibited by both compounds, but at different 
levels.  Both produced abnormal types of cells,  but not the same type of ab- 
normality. Uptake of P~ was inhibited by both compounds. Addition of nico- 
tinic acid failed to reverse  the effects of the analogues at the concentrations 
used. 
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